The increasing sophistication of DNA sequencing methodologies has led to an explosive growth of DNA sequence data. Programs that identify sequence homology are in common use and are invaluable for analysis of this data. However analysis is limited when confined only to the examination of linear sequence. tRNAs are important biological molecules which are typified by patterns of secondary and tertiary structure in addition to a defined sequence. Other RNA molecules exhibit characteristic secondary structures similar to those of tRNA. Among these are the ends of some plant viruses which are amino-acylated in vivo (1) and the ends of bacterial operons which have been Implicated in interactions with tRNA binding proteins for gene regulation and control (2).
INTRODUCTION
The increasing sophistication of DNA sequencing methodologies has led to an explosive growth of DNA sequence data. Programs that identify sequence homology are in common use and are invaluable for analysis of this data. However analysis is limited when confined only to the examination of linear sequence. tRNAs are important biological molecules which are typified by patterns of secondary and tertiary structure in addition to a defined sequence. Other RNA molecules exhibit characteristic secondary structures similar to those of tRNA. Among these are the ends of some plant viruses which are amino-acylated in vivo (1) and the ends of bacterial operons which have been Implicated in interactions with tRNA binding proteins for gene regulation and control (2). The Identification of these structures in a DNA sequence requires an examination of their secondary structure patterns and the presence of Invariant bases at specific locations. Patterns corresponding to Source program will be provided upon receipt of a self-addressed mailing label and a blank tape. A small charge will be requested to cover mailing and processing. secondary structures can be initially screened by the examination of dyad symmetry or inverted repeats. This may lead to the definition of a structure of Interest, but the final analysis is still commonly done manually. These searches have become less feasible as the data base has become more extensive. In order to identify patterns in DNA sequence data that correspond to tRNA genes, tRNA pseudogenes, or that code for tRNA-like structures that may be involved in gene regulation, a tRNA search algorithm has been developed. The program is easily modifiable to allow a variable range of constraints on the search parameters. complementary base pairing is examined beyond the amino-acyl region. These features are not included as they are not necessary for accuracy and will in most Instances reduce the number of structures found. These constraints can be used while concurrently relaxing others to examine structures whose features deviate from tRNA genes.
RESULTS AND DISCUSSION
To test its validity the algorithm was run on the contents of the Genbank "structural RNA file". This file contains a listing of tRNAs as well as other structural RNAs including ribosomal and small nuclear RNAs. Of a total of 403 entries 264 corresponded to tRNAs. 253 of these were Identified correctly for an accuracy of 96i. One false positive occurred. Of the 11 missed tRNAs, 10 were of mitochrondrial origin and the last was from bacteriophage T5. In all cases the failure was due to a lack of consensus Invariant bases in the T-pseudourid1ne loop.
A 2 kb sequence containing a tRNA-like structure (see below) was base scrambled 50 separate times. This randomization retained the base composition of the sequence and served to generate test files. The program was run on these files to determine the number of structures that are random occurrences. In this test a positive structure was flagged for every 16 kb of sequence searched. These structures did not contain stem-loop structures and were easily recognizable as being artifactual. For general screening the positive effects of tightening the search parameters (reducing positives that must be manually examined) will be offset if viable structures are missed.
An example of a tRNA-like structure found by the program is shown in Figure 2 . This tRNA-like structure was found in a search of the Genbank file " other mammalian". This file contains 344 entries with no reported tRNA genes. Several possible tRNA-like structures were noted with the most striking being found 1n a bovine globin sequence (4) and illustrated in a tRNA cloverleaf diagram in Figure 2 . This structure's variant and semi-invariant base positions are totally consistent with functional tRNA molecules and stem-base pairing may allow a tRNA-like folding in vivo. This structure is found within intron 2 and may have regulatory roles in gene expression through interactions with tRNA binding proteins(2). Descriptions of this and other tRNA-like structures Identified with the algorithm will be described in future work.
